In this paper, we study the properties of systems of two types of complex q-shift difference equations with meromorphic solutions from the point of view of Nevanlinna theory. Some results obtained in this paper improve and extend the previous theorems given by Gao, and five examples show the extension of solutions of the system of complex difference equation. MSC: 39A50; 30D35
Introduction and main results
In this paper, the problem of the existence and growth of solutions of complex difference equations will be studied. The fundamental results and the standard notations of the Nevanlinna value distribution theory of meromorphic functions will be used in this paper (see [-] ). In addition, for a meromorphic function f , S(r, f ) denotes any quantity satisfying S(r, f ) = o(T(r, f )) for all r outside of a possible exceptional set E of finite logarithmic measure lim r→∞ [,r)∩E dt t < ∞, S  (r, f ) denotes any quantity satisfying S  (r, f ) = o(T(r, f )) for all r on a set F of logarithmic density  (or for all r outside of a possible exceptional set F of logarithmic density , the logarithmic density of a set F is defined by Throughout this paper, the set E of finite logarithmic measure and F of logarithmic density will be not necessarily the same at each occurrence.
In recent years, there has been an increasing interest in studying difference equations, difference product and q-difference in the complex plane C, considerable attention was paid to the growth of solutions of difference equations, value distribution and the unique- 
In , Zheng and Chen [] further considered the growth of meromorphic solutions of q-difference equations and obtained some results which extended the theorems given by Heittokangas et al. [] . 
Theorem . (see []) Suppose that f is a transcendental meromorphic solution of the equation of the form
where the coefficients a i (z), b j (z) are rational, and |c| > . 
has a transcendental meromorphic solution of finite order, then
where In this paper, we investigate the above questions and obtain the following theorem. 
and satisfies one of the following conditions:
(ii) q =  and ρ(f ) = . Then the conclusion of Theorem . still holds.
Remark . Theorem . is an improvement of Theorem .. And Theorem . is an answer to Question A and Question B.
In this paper, we also investigated the extension of a meromorphic solution of the following system of complex q-shift difference equations of the form:
and
, http://www.advancesindifferenceequations.com/content/2012/1/216 and all coefficients {a
The order and hyper order of a meromorphic solution (f  , f  ) of the system () are defined by
where
To state our main results, we require the following definition. 
be a meromorphic solution of the system () such that f  , f  are non-rational meromorphic, and all the coefficients of () are small functions relative to f  , f  . Thus, Some examples will show that the conclusions () and () in Theorem . are sharp.
where c, η are any nonzero complex constants, q = -
, and
Thus, we have
where s  = s  = , n  = n  =  and |q| =   < . This example shows that the equality in () can be arrived at.
where c is any nonzero complex constant, q =   , η = -, and
We note that a  (z), a  (z) are small functions relative to e z  , e (z+)  . Thus, we have
where s  = s  = , n  = n  =  and |q| =   < . This example shows that the inequality () is true.
Example . The function (f  (z), f  (z)) = (e z , e -z ) satisfies the system
where c, η are any nonzero complex constants, q = -, and Thus, we have
where n  = n  = , s  = s  =  and |q| =  > . This example shows that the equality in () can be arrived at.
where c is a nonzero constant, q = , η = -,
We note that a i (z), b i (z), d i (z), e i (z), i = ,  are small functions relative to e z  , e (z+)  . Thus, we have
where n  = n  = , s  s  =  and |q| =  > . This example shows that the inequality in () is true.
Example . The function (f  (z), f  (z)) = (e e z , e e -z ) satisfies the following system:
We have μ(f  ) + μ(f  ) = ∞. Thus, it shows that (iii) in Theorem . is true when s  = s  = n  = n  = , c  =  log , c  =  log , q = - and η = - log . 
Theorem . Let (f  , f  ) be an admissible meromorphic solution of (), the coefficients {a
 i (z)}, {a (i) (z)} and {b (i) (z)} of () be meromorphic functions and not necessarily small functions of f  , f  and
If f  , f  and q satisfy one of the following conditions: 
Some lemmas
for all r outside of a set of finite logarithmic measure. 
Lemma . ([, Lemma .]) Let T : [, +∞) → [, +∞) be a non-decreasing continuous function and let s ∈ (, +∞). If the hyper order of T is strictly less that one, that is,
on a set of logarithmic density  or for all r outside of a possible exceptional set of logarithmic density .
Lemma . Let f (z) be a transcendental meromorphic function of zero order and q, c be two nonzero complex constants. Then T r, f (qz + c) = T r, f (z) + S  (r, f ) and N r, f (qz + c) ≤ N(r, f ) + S  (r, f ).
Proof By using the idea of [, p.], we can get the conclusions of Lemma . easily. Now, we will give another method to prove this lemma as follows. From Lemma . and Lemma ., we get the first equality of this lemma. Next, the idea of the proof of the other inequalities of this lemma is from [, ]. Since f is of zero order, by Lemma ., we have
By Lemma . and since f is a meromorphic function of zero order, we have S  (r, f (z + c q )) = S  (r, f ). And by Lemma ., we have 
where E  , E  are sets with finite logarithmic measure.
where (i) is an index set consisting of finite elements.
for all r outside of a possible exceptional set E of finite logarithmic measure.
for all r on a set F of logarithmic density  or for all r outside of a possible exceptional set F of logarithmic density , where k , k = ,  are as stated in Section , M a real constant and not necessarily the same at each occurrence.
Let z  be a pole of  (z, f  , f  ) of order τ that is not the zero and pole of a (i) (z), then there exists at least one index i ∈ {(i)} such that G (i) has a pole at z  of order τ  ≥ τ . Thus, there exists a subset {σ  , σ  , . . . , σ μ } of {, , , . . . , n} such that each one of f k (z), f k (qz + http://www.advancesindifferenceequations.com/content/2012/1/216 c  ), . . . , f k (q n z + c n ) (k = , ) has a pole at z  . If m σ j (≥) (j = , , . . . , μ) are the order of f (q κ j z + c κ j ) at z  respectively, then we have
Hence, we have n(r,
for all r outside of a possible exceptional set E of finite logarithmic measure. From () and (), we get
for all r outside of a possible exceptional set E of finite logarithmic measure. Case . If q =  and ρ(f k ) =  for k = , . By using the same argument as in Case , from Lemma ., Lemma . and Lemma ., we can get
for all r on a set of logarithmic density .
Lemma . ([, Lemma ])
Suppose that a meromorphic function f has finite lower order λ. Then, for every constant c >  and a given ε, there exists a sequence r n = r n (c, ε) → ∞ such that
Lemma . ([]) Let f (z) be a transcendental meromorphic function and p(z)
for given ε >  and for r large enough, 3 The proof of Theorem 1.9
From the assumptions of Theorem ., we get that f  , f  are transcendental meromorphic functions.
[]), by applying Lemma . to () and using the same argument as in Lemma ., we have
for sufficiently large r and any given β i > , ε i > , i = , . By Lemma . and (), (), for
and sufficiently large r, we get
outside of a possible exceptional set E  , E  of finite linear measure, respectively. From Lemma ., for any given γ i >  (i = , ) and sufficiently large r, we can obtain
, and by Lemma ., for any given ε > , there exists a sequence r n → ∞ such that
for r n > r  . From the above inequalities, we have
Thus, let ε → , δ i → , β i →  and γ i →  for i = ,  and ε = max{ε, ε  , ε  }, since  < |q| <  and s  s  ≥ n  n  , from (), we can get μ(f  ) + μ(f  ) ≥ log s  s  -log n  n  -log |q| . for all r on a set of logarithmic density . Since f is transcendental, from the definition of logarithmic density, we can get max{s, t} ≤  +  .
Thus, this completes the proof of Theorem ..
The proof of Theorem 1.10
Two cases will be considered to prove Theorem .. outside of a possible exceptional set E  = H  ∪ E  ∪ E  with finite logarithmic measure, which contradicts the assumptions of Theorem ..
